Highly unsaturated fatty acids (HUFA), like the eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids and polar lipids (essentially phospholipids, PL) have been identified as essential nutrients for common octopus (Octopus vulgaris) paralarvae, but they are not available in sufficient amounts in live preys as Artemia, making necessary a supplementation of these nutrients previous use. A commercial emulsion, soya liposomes, and marine and soya lecithins were used to supply HUFA and PL to Artemia metanauplii, those being regarded as suitable size preys for octopus paralarvae. Our results prove that a simultaneous enrichment in HUFA and PL is possible using enrichment diets combining HUFA-and PL-rich products in short-term (4 h) incubations. Particularly interesting was the enrichment efficiency shown by the marine lecithin, which enabled the enhancement of the PL fraction of Artemia metanauplii and, importantly, also their HUFA with a remarkable 13% DHA of total fatty acids. Marine lecithin arises as a novel enrichment diet for Artemia and more effective than some commercial products currently used in hatcheries worldwide.
. Thus, liposomes, lipid vesicles with high PL contents, produced modest increases in the PL fraction when used as enrichment diets for Artemia nauplii (McEvoy et al., 1995; Monroig et al., 2003 Monroig et al., , 2006 . Barr et al. (2005) also reported enhanced levels of PL in rotifers and Artemia nauplii that, after conventional HUFA enrichment procedures, were subsequently subjected to short-term incubations with liposomes formulated with soy phosphatidylcholine (PC). Whereas the alluded studies employed liposomes formulated with purified PL sources normally consisting of PC from either marine (McEvoy et al., 1995; Monroig et al., 2003 Monroig et al., , 2006 or terrestrial (Barr et al., 2005) origin, the so-called lecithins, often referred to coarse products containing a mixture of phospholipid types or even non-polar lipid classes such as TAG, appear as a cheap alternative to expensive highly purified PC-based PL sources that can be utilized for live prey enrichments at larger scale.
On-grown (metanaupliar) stages of Artemia have been regarded as more adequate preys for octopus paralarvae (Iglesias et al., 2006) . Similarly to naupliar stages, Artemia metanauplii also have detrimental lipid profiles for octopus paralarvae, and experimental trials have partly solved the problem by on-growing Artemia in presence of marine phytoplankton (Iglesias et al., 2004; Viciano et al., 2011) . While phytoplankton is not readily available and its use involved large-scale facilities, cheaper alternative protocols addressed to improve the nutritional value of Artemia metanauplii are required. We here report a series of experiments aiming at establishing optimized protocols for the simultaneous enrichment of PL and HUFA contents of Artemia metanauplii for their potential use as live preys in common octopus paralarvae rearing. 
Materials and methods

Artemia hatching and culture
Artemia franciscana metanauplii were obtained from the hatching of Great Salt Lake cysts purchased to INVE Aquaculture Nutrition (Dendermonde, Belgium). Cysts were incubated for 24 h in 1 L cylinder-conical tubes containing seawater at 28°C and 37 g L -1 salinity, vigorous bottom aeration and continuous light. After hatching, nauplii were placed in 90 L cylindrical methacrylate containers with seawater and maintained at room temperature and a density of 4000 individuals L -1 . Nauplii were fed microalgae
Tetraselmis suecica ad libitum (around 200000 cells mL -1 ). Fresh microalgae cultures
were daily added to maintain cell density. Artemia metanauplii were grown for 5 d, attaining a mean length of 1.47 mm, and then used in the different enrichment experiments.
Preparation of enrichment diets
Multilamellar liposomes were formulated with soya PC from Avanti Polar Lipids Inc. (Alabaster, Alabama, USA), and cholesterol, purchased from Sigma-Aldrich Química S.A. (Alcobendas, Spain), included as a membrane stabilizer at a 1:4 w/w ratio (cholesterol:PC). Liposomes were prepared according to the method proposed by Bangham et al. (1965) , but using filtered seawater as the aqueous phase as previously described (Monroig et al., 2003 (Monroig et al., , 2006 . Briefly, the lipid mixture was dried under nitrogen flux in a thin layer on the bottom of a flask and rehydrated with the aqueous phase for 1 h by vortexing frequently until a homogenous suspension was achieved. 
Artemia metanauplii enrichment experiments
A series of three experiments was conducted to explore practical strategies to enhance the contents of both HUFA and PL in Artemia metanauplii. Experiment 1 aimed to enrich metanauplii in HUFA or PL separately. The objective of Experiment 2 was to ascertain whether HUFA and PL could be supplied simultaneously. Experiment 3 was used to enrich metanauplii in HUFA and PL using the alternative cheaper products lecithins. All the enrichment experiments were carried out by placing ~30000 5 d old metanauplii in a 1 L cylinder-conical tube containing 0.5 L of filtered seawater at 28°C, strong aeration from the bottom, and continuous light.
Experiment 1
In Experiment 1, carried out to enhance either the PL or HUFA contents of Artemia metanauplii, two experimental treatments were established: "Selco", consisting of an enrichment with the commercial emulsion Easy DHA Selco and seeking to provide HUFA to metanauplii; and "Liposomes", consisting of liposomes formulated with soya PC and cholesterol, and used to improve PL contents of metanauplii. In order to establish the incorporation dynamics of both enrichment diets and therefore the optimal duration of the incubation, metanauplii samples were collected after 2, 4, 6 and Page 6 of 31 Aquaculture Nutrition   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   7 24 h, and immediately stored at -80 °C until further analysis. Both enrichment products were dispensed at concentrations of 0.6 g L -1 .
Experiment 2
The objective of Experiment 2 was to produce metanauplii simultaneously enriched in PL and HUFA. Three different enrichment treatments were assayed:
"Selco", consisting of the same commercial emulsion (Easy DHA Selco) dispensed at a concentration of 0.6 g L -1 during 4 h; "Seq Selco+Lipos", consisting of a first incubation with Easy DHA Selco for 2 h dispensed at 0.6 g L -1 , followed by a medium 
Phospholipid determination
Phospholipids were estimated through the quantification of the inorganic phosphorous (Pi) of the total lipid fraction according to Zhou & Arthur (1992) and with the following modifications. Total lipid aliquots (50 µg) in duplicates were placed into 
Results
Experiment 1
FA profiles of metanauplii collected from Experiment 1 are shown in Table 1 .
Differences between the treatments assayed in every FA at the same time of exposure were significant (t-test, P£0.05) in all cases, except for linolenic acid (18:3n-3) at 24 h of enrichment. Results of t-tests are not shown in Table 1 . Interestingly, the EPA contents of "Selco" metanauplii were significantly higher (t-test, P£0.001) than those of "Liposomes" metanauplii after only 2 h of exposure. Compared to EPA contents at 2 h, no significant increases in "Selco" metanauplii were detected despite longer exposure times (4, 6 and 24 h) (Table 1) . Similarly, DHA was rapidly incorporated and only 2 h were required to achieve maximum contents in "Selco" Artemia (Table 1) . DHA/EPA ratios, calculated only for "Selco" treatment as soya liposomes lack DHA, were significantly higher (ANOVA, P£0.001) at 2, 4 and 6 h than at 24 h (Table 1) , consistent with a steady decrease in the DHA contents of metanauplii from 4 to 24 h.
These results indicate that 2 h of exposure is sufficient for delivering EPA and DHA through conventional commercial emulsion into Artemia metanauplii.
PL enrichment of Artemia metanauplii was also shown to be a rapid process when using liposomes. Thus, "Liposomes" metanauplii contained significantly more (ttest, P£0.05) Pi than "Selco" treatment after 2 h, with also significant higher levels at 6
and 24 h of treatment (Fig. 1) .
Experiment 2
The results obtained from Experiment 2 showed that it is possible to simultaneously enrich Artemia metanauplii in PL and HUFA, but increases in one of these components occur in detriment of the other. Whereas "Selco" metanauplii, treated exclusively with the commercial emulsion Easy DHA Selco, showed the highest EPA and DHA among treatments in Experiment 2 (Table 2) , their Pi content was significantly lower than those of liposome-based treatments ("Seq Selco+Lipos" and "Mix Selco+Lipos") ( Fig. 2) . However, the increase of Pi in metanauplii treated with liposomes was achieved in detriment of HUFA incorporation, with an obvious dilution effect derived from the incorporation of LOA (18:2n-6) present in liposome soya PC (Table 2) . DHA/EPA ratios reflected the enrichment product FA composition, and significantly higher values (0.8) were obtained in "Selco" compared to liposome-treated nauplii (0.5-0.6). Comparison of liposome-enriched metanauplii (sequential or mixed treatments) showed that "Seq Selco+Lipos" metanauplii contained more PL (Fig. 2) , although no differences (ANOVA, P£0.05) in the contents of EPA and DHA were detected ( Table 2) .
Experiment 3
The use of lecithins (soya and marine origins) for enriching Artemia metanauplii was explored in Experiment 3. Thus, metanauplii treated with Marine lecithin LC60
(treatments "ML" and "Mix ML+Selco") exhibited notable EPA and DHA levels, particularly in "ML" metanauplii with 12.6 % (EPA) and 13.1 % (DHA) ( Table 3) .
Consequently, DHA/EPA ratio also reached significant values, with the highest (1.0) corresponding to that of "ML" metanauplii. Moreover, "ML" metanauplii showed the highest Pi contents, significantly different (ANOVA, P£0.001) compared to the levels of "Mix SL+Selco" metanauplii, despite they were treated with soya lecithin (Fig. 3) .
Discussion
On-grown stages of Artemia (metanauplii) have been regarded as adequate live preys of suitable size for common octopus paralarvae, since eating bigger size preys has several advantages as it leads to a higher food intake per hunting effort, improving growth and survival (Villanueva et al., 2002; Okumura et al., 2005; Iglesias et al., 2006) . Like naupliar stages, however, Artemia metanauplii appear to have suboptimal dietary lipid profiles as live preys for feeding marine organism larvae. The present study aimed to Similarly, early studies pointed out that liposomes can enhance the PL fraction of Artemia naupliar stages (McEvoy et al., 1996; Monroig et al. 2003 Monroig et al. , 2006 , despite their inherent metabolic activity addressed to conserve the homeostasis phospholipid fraction in live preys as previously hypothesized (Rainuzzo et al., 1994; Coutteau et al., 1997) . (Rainuzzo et al., 1994; McEvoy et al., 1996; ) and fatty acids (Navarro et al., 1999) .
Combined use of emulsions and liposomes was investigated in order to achieve a simultaneous enhancement of HUFA and PL in metanauplii, and two different approaches were assessed. One strategy consisted of a sequential supply of commercial emulsion and a subsequent replacement by soya liposomes (treatment "Seq Selco+Lipos", Experiment 2). The other strategy consisted of a mixture of emulsion and liposomes that was dispensed at the beginning of the incubation (treatment "Mix Selco+Lipos", Experiment 2). While the two strategies resulted in an increase of PL fractions compared to emulsion-enriched Artemia, PL content was significantly higher metanauplii/DHA present in the enrichment diet] x 100, it can be easily deduced that the marine lecithin enrichment is highly efficient with values of 40 % incorporation, whereas much lower efficiency (11%) was observed for metanauplii enriched with a prototype DHA-rich emulsion containing 70% of total FA that produced DHA contents of 8 % of total FA in nauplii (Viciano et al., 2011) . In addition to HUFA delivery, the marine lecithin was also efficient in the provision of PL into metanauplii, showing the highest PL content among treatments in Experiment 3, even higher than PL levels of metanauplii enriched with soya lecithin ("Mix SL+Selco"). Overall our results demonstrate that Marine lecithin LC60 is a promising novel enrichment diet capable to enhance the HUFA and PL contents of Artemia metanauplii. Moreover, the marine lecithin can also be efficient when used for enrichment of other live preys employed in marine larviculture, including rotifers or Artemia naupliar stages.
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